










Space Launch System (SLS) –
America’s Heavy-lift Rocket
 Provides initial lift capacity of 70 metric tons (t), 
evolving to 130 t
 Carries the Orion Multi-Purpose Crew Vehicle 
(MPCV) and significant science payloads 
 Supports national and international missions 
beyond Earth’s orbit, such as near-Earth asteroids 
and Mars
 Builds on the proven success of Saturn and 
Shuttle






































































































Quantify Engine Forces using Fourier Analysis
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Engine Example of Application of Fourier Series


























































































Mode 25 @ 55,523 hzCrack Origination Site at 
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for the SDOF equation of motion,
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Sowegetthesameequationsin:














































SSME Fuel Turbopump 3rd Stage Impeller
Harmonic 0 Harmonic 1 Harmonic 2 Harmonic 3
1 3,710 4,210 5,180 4,900
2 8,360 4,210 5,180 6,530
3 9,780 7,190 5,750 6,850
4 10,100 7,190 5,750 10,400
5 10,500 8,740 7,900 11,500
6 11,200 8,740 7,900 13,200
7 12,100 9,670 10,000 14,300
8 13,500 9,670 10,000 14,900
9 16,200 11,200 11,500 15,200
10 17,500 11,200 11,500 15,900
11 17,800 12,500 13,300 16,000
12 18,000 12,500 13,300 16,500
13 18,600 13,000 14,000 18,900
14 18,900 13,000 14,000 19,300
15 19,500 14,700 14,400 19,600
16 19,800 14,700 14,400 19,900
17 20,300 15,400 15,400 21,400
18 21,000 15,400 15,400 21,500
19 21,300 16,200 15,500 22,200































Have to determine Nodal Diameter of 
Modes to identify Resonance


































Tyler-Sofrin Blade-Vane Interaction Charts
UpstreamNozzle
Multiples 37 74 111 148
Downstream
StatorMultiples 57 114 171 228
Blademultiples Blademultiples
69 32 5 N/A N/A 69 12 N/A N/A N/A
138 N/A N/A 27 10 138 N/A 24 33 N/A

















87 174 261 93 186 279 97 194 291
blades
123 36 51 138 30 63 156 26 71 168
246 159 72 15 153 60 33 149 52 45
369 282 195 108 276 183 90 272 175 78







number 70%PL 100%PL modeshapedescription
excitationsourceand
order potentialsolution
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Spatial Fourier Analysis helpful to identify ND number 
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• Nowlookatobtainingspatialcomponentsofthetemporalfouriercomponents
foreverydof;i.e,thespatialcomponentsateachfrequency,or“temporalbin”.
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Spatial Decomposition of Each Temporal
Fourier Component
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• Signofthe& partsindicatethedirectionofthespatially
travelingwaves.
ForSin(3t),
|sin(2&)|=
.5 (.5)=1
ForCos(4t),
|cos(3&)|=
.5+.5=1
2DFourierTransformShowsSpatialComplexityofJ2Xturbineflowfield
andresponse,usedinevaluationofforcedresponsemethodologies
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Conclusion
• StructuralDynamicAnalysisofTurbomachineryiscriticalaspect
ofdesign,development,test,andfailureanalysisofRocket
Engines.
• ProcessofAnalysisstartsconsistsofmodeling,modalanalysis
andcharacterization,comparisonwithexcitationfield,and
forcedresponseanalysisifnecessary.
• ThoroughunderstandingofFourierAnalysis,VibrationTheory,
FiniteElementAnalysiscritical.
• KnowledgeofTurbomachineryDesignandFluidDynamicsvery
useful.
MerciBeaucoup!
